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TEACHING AND LEARNING

THE METRIC SYSTEM

This metric instructional package was designed to meet jobrelated

metric measurement needs of students. To use this package studenis

should already know the occupational terminology, measurement

terms, and tools currently in use. These materials were prepared with

the help of experienced-vocational teachers, reviewed by experts: tested

in classrooms in different parts of the United States, and revised befofe

distribution.

Eacii of -the five units of instruction contains performance objec-

tives, learning activities, and 'supporting information in the form of

text, exercises, and tables. In addition, suggested thching tec6iques

are included. At the back of this package are objective-based evaluation

items, a page of answers to the exercises and tests, a"list of metric

materials needed for the activities, references, and a fist of suppliers.

Classroom experiences with this instructional package suggest the

following teaching-learning strategies:

1. Let the first e'xperiences be informal to make 'learning the metric

system fun.

2. , Students learn better when metric units are compaYed t6 familiar

objects, Everyone should learn to "think metric." Comparing

metri'b units to customary units cati 4 confusing.

3. 'Students will learn quickly to estimate and measure in Metric units

by -"doing,"

4. Students should have experience with measuring activities before

getting too much information.

5. Move 'through the units' in an, order which emphasizes tne sim-

Plicity of the ,metric system (e,g., length, to area 'to Volume).

: I

6.. Teach one concept at a time to avoid overwhelming students With

too nituch material:

Unit 1. is a general introduction to the metric sYstem of measure--

ment which provide's informal, hands-on experiences for the students.

This unit enables students to become familiarwith the basic. metric

utlits, their symbols, and measurement instruments; and to develop a

set of mental references for metric values. The metric system of nota-
r- iv

tion also is explained.

(

Unit 2 provides the cnetric terms which'are used in this occupation ,

and gives experience with occu tiRnal measurement tasks.

Unit 3 focuses on job-related metric equivalents and their relation-

ships.

Unit 4 provides experience with recogni :ng a d using Ifmetric

insttutnents and tools in Occupational ineasureme t taks. It also pro-

vides experience in comparing metric and cuitomary measurement in-

struments,

Unit 5' gives students experience with usin(k,the compound metric

units particular to this occupation.

Unit 6 is desigiied to give stub practice in converting Custom-

ary and metric measurements. ith cOnversion tables will be

useful during the transition to metric in each occupation.

Using l'hese Instructional Materials

ThiS package was designed to help students learn a core of knowl-

edg about the metric system which they will use on' the job. The

exercis s facilitate experiences with measurement instruments, tools,

. and de ces used in this octupation and job-relatedlasks of/estimating

and meatring.

This instructiona -,ackage also, was.designed to accommodate a;

variety of individual teehiig and learthng styles. Teachers are encoup

aged to adapt these matemls to tijeir Own classes. For example, the

information sheets may be pen to students for self-study. References

may be used as supplemental resources. Exercises me be used in inde-

pendent study, small groups, or whole-class activities. ,All of ;the

materials, can be expanded by the teacher,

Gloria S ;Cooper

Joel H. Nagisos

Editors \

his pubhcatiOn was developed pursuant to'cOntract,No OEC0.749335 with the

Bureau of Occupational and Adult Education, U S. Oepartment of Health;Ecluci

1Ion and Welfare. Howeve'r, the opinions expressed herein 'do not necessarily

reflect the position or policy of the'll.S. Of fr,te Of Education and.no official

endorsement by the .US Office of Education should be inferred,



,UNIT

SaGGESTED 'TEACHING SEQ0ENCE

a These introductory ekercises may'require

two Or three teaching periods_for all five'

areas of measurem en t.

,Exercises should be followed in the Order

'given to best show the relationship

between length, area, and volume,

Assemble the metric measuring devices

(rules, tapes, scales, thermometers, and

measuring containers) and objects to be

measured,*

4. Set up the equipment at work stations

for use by the whole class or as individu-

alized resource activities,

5. Have the students estimate, measure, and

'record using Exercise's 1,through 5.

Present information on notation and

make Table 1 available.

Follow up with group discussion a
activities,

°Other scliool depairtments may have devices which

can he used. netric sUppliers are listed in the referenCe

section..

THE CENTER FOR VOCATIONAL EDUCAIION

OBJECTIVES

The student will demonstrate these skills for the Linear,'Area, Volume or 91pacity, Mass, and

Temperature Exercises, using the metric terms and measurement devices listed here,

.

SKILLS

I Recognize and use the

unit and its symbol for,

.

2 Select, use, and read the

upprppriate measuring

inetruments for

3. State or show a

. physical reference for

i

EXERCISES

Linear
.

199, 3 4)
,-

. Area

4414. 5 6)

Vo ume or Capacity
,

1PP. 7 '8)

Map
e

(pp, 9 ', 10)

Temperature ..

(p, 11)

millimetre (mm )

centimetre (cm)

metre (m)

/
.r

,

:

square '
,:

Centimetre

(arrl')

square

/ metre

(m2)

cubic centi . i
, , ill

metre iem
3
i

' ,

cubic metre

(Mr )

litre (I)

milliEtre (ml)

gram (g)

' ,

kilogram (kg)

degree Celsius

(°C)

,

1,

.
,

FltiMate within 2X;

of the actual Nupre

. /
height, width, or

length of objects

the area of

a given surface

. capacitY.of

containers

the mass of objects

in grams and kilo

grams

. the temArature of

the air or a liquid

5. Read correctly

i

1

metre stick, metril

tape measure, and

metric rulers

measurements

on graduated

volume. ineuuq

g OViCei

a kilogramIcale

and a grorseale

A Celsius thermometer

RULES OF NOTATION

1. Symbols are not capitalized unless the unit is a proper name (mm not AI).

2. Symbols are not followed by periods (m not ru.).

3, Symbols are not followed by an s for plurals (2t g not 25 gs).

4. A space separaty.the numerals from the unitsymbols (4 1 not 41):

5. Spaces, not commas, are used to separate large numbers intp groups of three

digits (45 271 km not 45,271 km), :
I ,

,

6, zero precedes the decimal point if the number is less than one (0.52 g not ,52 g).

7, Litre and metie.can be spelled either with an re or -er ending.

\

Information Sheet 1
7
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METRIC UNITS, SYMBOLS, AND REFERENTS METRIC PREFIXES

Quantity . MetricTnit Symbol Useful Referents

,Longlth

,

.

millimetre mm Thi ss of dime or paper

c4p wire

centimetre .Width of pap/r clip

metre m Height ot door, about 2 m

. kilometre kin 2.minute walking distanee
.1

Area°.

,

jsquare

centimetre

,

cr-
Area of this space _

I

square metre .. Area of calkl table top

hectare

,
,

h Football field including sidelines

and end zones

Volume and

CO'pagity

.

millilitre

%.,

11)l Teaspoon is 5 ml

litre I A little more than 1 quit .

cubic

centimetre

d

1

.

cn Voluirie ofthis c ntainer

,

' ...f
cubic metre m A lit e more than a cubic yard

Mass

,

,,

0 .

ffljlhgrai mg

,,-

Aliple seed about 10 mg, grain of

salt, 1 mgi

s..., I
gram ' ,-_ g ckel bout 5 g

cjiilograrn kg

40
ebster'iCollegiate Dictionary

metric ton

( 1 000 kilotramg1
01 4.

t 114kswagen Beetle 4,

.1)

THE aw,r1A FOR VOCIVHONAL EDUCATION

.4 "Ii:r

Table 1-a

f

Multiples end

Submultiplet "eux" Syrith

' 1 IR 000 . 101" .:' mega (Mtii)

1 000 CTO3 'kilo (klf

100 = 10* hecto (hek't5) h
P '

10 . 101 deka *van da

Base Unit 1 = le 1

.0,1 = 10-1 deci (des'i) d

0,01 =t10 2 centi (spil) c

0,001 = 10-3 milli (mill) m

0.000 001 = 10' micro lmTkro) p

Table 1 b



' 'LINEARNEASUREMENT ACTIVITIES

Metre, CentimetreyMillinietie

I. THE METRE (m)

A DEVELOP A FEELINtI EOR '1'1114:SIZE OE A METRE

1. Pick up oq of the metre

sticks and stand it up on the

° floor. 1101d it in place with

one hand. It'alk,around4e

stick. Noiv stand next to

the stick. With your other

.hand, touch yourself where

the top of the metre stick

comes on you. c

THAT Is Ilpw HIGH A NlETRE IS! ,

I.

2, I loki one arm out straight

at shoulder height., Put

(the
metre stick along this

arm uhtil the end.hits the,

end ofrpur fingers, Where

is the 81k!yr Od of file

metre :tick? 'Touch your-.

self at that end,

')JHAT IS HOW LONC!A METRE IS!

THE CENTERifc0R VOCATIONAL EDUCATION

Vowel

4

3, Choose a partner to stand

at your side. Move apart

so that you can put one

end of a meVe s'tick on

your pariner's shoulthir

and the other end on

yoUr shoukler, Look at

the space between you,

,

3

'I'llAT 1St E WIDTH OF A METRE!

,

R. DEVELOP YOLR ABILITY '1'0 ESTINIATE IN METRES

NoW you-witItmprove your ability to estimate in metres.

Remember where the length and,height of a'metrie was on your

body.

For each of the following items:

Estimate tiw ? size of the items and write yOur es,timate e'

ESTIMHE column, Measure the size with your metre stick

and write the answer in the NrASUREMENT column,

Decide how close your egimate was to the actUal measure, lfv

your estimate was within 25*.q of the actual heasure you are a

Marvel." ,

1. . 1Ieight of door knot)

fromiloor.

2. it of dclior.

3. Length of table;

4. Width of table..

5. Length of wall of

this room.

6. Distance from

you to wall.

How Close

Estimate Nksurement, Were You?

(in) (m)

, ( Exercise 1

(continued on next page) 1 1
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. TliE
44,

CENT1METnE fun). - .,
. 44,.

1 ,

. '4 1 14,
1 . :

4. '

""Th r :Mere ar(,100 cen4inietrws in. 011P metre, If I,here are .1 metres

3 centitetres, 9o4,'\\Yite 10';1 cm I (tx 100'cm).t 3 cmF 100 c.h
d

:44' ' ' .

I e i'd: 11. ., , .
DEVELOP A FEF,1:1.',G,FOR TIIE Or:'.4NTIMFITRE

;. , , /' .
. o

1. Hold the Initt, lc Viler ,a inst the width of youx thumbrriil,
.

A wi c
V "

AA d4 e it?.

.
r

'..)o

..,. MeSv youl'1.huot fr,,

m

ae om th e. f';rt jAnt tolie end.
, , ,

. . ,
,

3.

1 ' 0., , ,..

Ike the metric Nler lo find the widih of,your palm,'. cm
, ' It V

P l.,
' ,I, plepstire your index or pointing finger, I low Icing is it?

,

5. :tleast4yotir wrist Witrn ;tape measure, Wil,at is the distance

rountl it? cm

Is
lii. Useilv taN measurert)o find your waist size. . cm 0

t

, 1

;
DEVELOP YdUR '113ILITIY TO ESTIMATE IN CENTIMETRES

You are now readY to estiniate in centimetres. For each of the

following items, follow the procediii.es used for estimating in

metres... '

1. Length,of a paper

'clip.

2. Diameter (width)

of a coin.

3 Width

postage stamp.

1. Length of a

5. Width of a sheet

of paperi,

flow Close

Estimate Measurement Were You?

(cm) (et))

THE CENTER FCC VOCATIONAL EDUCATIOi
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.

I i e.

I11, THE M.ILLIMEnE (min) j r
, ' 4

Tte are 10,qillimetres in on0 rentirnette! W'hen.a measdYement is

2 centimetres and.5 millimetres, y().% write 25 mm [(2 x 10 MO

+' 5 inm 20'mm +.5 mml ; There are 1 00.0 min in 1 m,
.

A. DEVELOATER,ING FAME SIZE Of A).1-ILLIMRE
,

,Using eiuler Tarked in Millimores, ratasurei:

Thickass.of a pàt eljp wiies mm

Ihickness'of yOtir fingernail. mm

Width of Tour fingernail. t mm

pialiyter (with)of a coin.

5. Diameter (thickness.) of your petie mm

Width of a postage stamp.

DEVELOP YOUR trl131L'ITY TO ESTIMATE NIILLMETAS
.

You are now ready to estimate.in Millimetres. For each of the

following items, follow the proceduresIttsed for estimating in

'metres.

t

11 Thickness of a

Diameter (thickness)

()fa bOlt.

3. Length of a bolt.

4. iVidth of aheet

of paper,

5. Thickness of a board

or desk top,

.
6, Thickness of a

button.

flow Close

Estimate Measurment Were You?

(mm) (mm)

I.

4
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ahEA MEASUa*NT, ACTIVITIES

Square Centimetre, Square Metfe

, .;,

i'llEN YCDESCRIBiTHE ARrA OF SOMETIG. YOU ARE

0

0 SAYING 110}1. mAsi, SQUARES OF A TAKES TO

COVER THE SURE'Aq .
. //4, '

f /.
\-4:t

1. THE SQUARE CENTBITRE (cm' )

A. DEKELOP A 'FEELING FOR A SQUARE CE.<TIMETRE .

-,9

Takea clear plastic grid, or uset hilgrid on pap 6. I,

Measure the length and width of on'e of these snide"

squares with a centimetre rt4r.

THAT IS ONE SQUARE CENTIMETRE! ,

3, 'Place your fingernail over the grid, About how many

'squares\does take to cover vour fingernail?

cm

4, Place a coin over the grid. About how many squires

does it take to cover the coin7 cm'

o. Place a postage stamp Over the grid. About how many.

squares does it take to'cover' 4ie postage start)?
11 r-C2111

, 6. Place an envelope over the grid. About hbw many

squares does it take to coverthenvelope?

-cm 2

7. leasure the length Ind width of thc envelope in centi-

Aletras. Length cm; width cm.

Multiply to find the area in square. centimetres.

cm x = cm', How

close are the answers you have-,U\I 6. and in 7.?

THE CENTER FOR VOCATIONAL EDUCATION
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0

't

. i'di ,

, ,
(

.

B. DEVELO YdUR BILITY Pro ESTIMATE IN SQ6ARE

CENT! TRES .

, . e

1

.5

You are' now, ready to develop your t bility to estimate

in ,squarefentimetres,

Remeniber the size of a s'quare centirnetre. For each of the

( following items, follow thc procedures' used for estizatiniin

metres.

wJ ,

Index card,

2. B9ok cover,

3. Photograph.

4. Widow panoor

desk tdp_-
#

0

Estimate Measurentnt

(cml ) (crn 2 )

111.

H. THE SQUARE, METRE (M2)

A. DEVELOP A VELING FOR A SQUARE METRE

How dose

ere You?

#

,M.1

'r

1, Tape four metre sticks together to make a square which(

is one metre long and one metre wide,

2. Hold the square up with one side on the floor to see how

big it is.

3. Place the square'on the floor in a corner. Step back and

look, See how mull floor space it covers.

4. Place the spare over ahle top or desk to see how

much space it covers.

5. Place the squarOtgainst the bottom of a door. See how

much oi theldoor it covers. How many squares would it

take to covel the door? '

THIS IS HCIP BIG A SQUARE METRE IS!

.\
Exercise 2

(continued on next page),

_15



VELD; YOUR AbILITY TO ESTIN.IATE IN SQ_IARE

RE

You are no ready to estimate in square metres. FollOw the

procedures used fo,r estimating in metret:

flow Cloy

Estimate MeasureMent Were You?

(m2 ) (m2 )

poor.

2. Full sheet 'of,

nelkspaper..
. 3, Chalkboard 'or

bulletin board.

1. Floor.,

5, Wall.

6. Wall chart or poster.

:7 Side of file 'cabinet:,

V.

-÷,

4

CENTIMETRE GRID
dl

.1 4'
THE CINTER FOR 'VOCATIONAL EDUCATION

Exircite 2

16
11



VOLUME MEASUREMENT ACTIVITIES

Cubic Centimetre, Litre, Millilitre, Cubic Metre

THE,CUBIC CENTINTTRE ) ,

A. t 1)EVELOP A FEELING FOR THE CUBI: CENTIMETRE ,

c.

. A
1. Pick.0 ta colored plastic cube. Measure its length,

4 height Ad width in centimetres.

TI IA' IS ONE CUBIC CENTIIrRE!

f

2. Find the voliihie'of a plastic litre box, t, r

a, Place a ROWof cube; against the bottom lone,

of the box. Howmany cubes fitin0e row?

b. Place another ROW of cubes againSt an adjoining side

of ,the box, How niny ros6 fit inside the bpi.

to make one layer of cubes?_:,_&"

How many cuhes ifl each row?

How many'cubes in'the layer in thrbottom of the.

bo? '
'

c. tand a IiOW of cles up aOn sid4 of the boX.

How many LAYERS wouldt in the box?
t .

How many cubes in each layer?,

How many cubes fit in the box altogether?

THE VOLUNI OF TA BOX IS

CENTINIETRVS.

d. Nleasurethe length, width, apd height of the box in

centimetres. Ilength cm; width cr,
height cm. Multiply these numbers to find

-the volume in cubic centimetres.

cm x cm x ctn.= cM3, `).

Are the ansWers the same'in clnd d,?

THE CENTER FOI'l VOCATI AL EDUCATION

B. DEVELOP YOUR ABILITY TO ESTIMATE_IN CUBIC t'
TIMETRES

ou ire now ready todevelop your ability to estim4te

in atic centimetres.

ember the ze of a cubic centimetre. For each of

the faring ite s, 'use the procedures for estimating in

metres..
How Cloie

'Estimate Memement 'Were You? e
(cd) (cm')

1. In x card file , ..-6

box.

FreezeNcontainer

3. Paper clip box.

' 4. Box of staples,

I. THE LITRE.(I1

\

A. DEVELOP A FEELING POR A LITRE
A

1. Take a one litre beaker and fill it with water.

2. Pour the water into paper cups,, filling each as full as you

ually do. How many cups do you fill?

THAT IS HOW,MUCH IS IN ONE LITRE!

3, f ill the litre.cjiainer with rice.' 1.

THAMHOWMUCH IT TAKES TO FILL. A ONE

LITRE CONTAINER! /*

Exercise 3

(continued on next page)

19



B.1 DEVELOP YOUR ABILITY TO ESTIMATE IN LITRE

You now ready to d Nelop yoUr ability to estimatein

litrest.To write two nd dne.half litres, you write 2.51, or

2,5 litres.. To write ne-half litre, you write pr.5 I, or 0.5

litre, To write two an threfotfrths litres, you write

12,75,1, or 2.75 litres.

For each of the following items, use the procedures for
,

estitting in metres.

stiAate Ilepurement

(1) (1)

% 1 , Med ium.size

4reezer container.

a freezer

container. 4

3. Small freezer

\container.

4. Bottle tr jug,

.,.-

THE MILLILITRE (ml).

f
,

'Tliere are
,

1 000 in one litre, 1 Q

a litre.is 500 millilitres, or 0.5 litre 500 ml.

4

How Close

Were YV

itre. Half

A. DEVELOP A Fl.f,ELIG FOR A MILLILITRE

N "

1, Examine a centimetre cube,, Anything which holds

1 MI 3 holds 1 ml,

B. DEVELOP YOUR ABILfTY TO ESTIIMATE IN MILLILITRES

You are now ready to estimate in millilitres. Follow the

procedures-Used for estimating metres.

1. Small juice cat):

2. Pam cup or tea

3

(
Ic'oft drink can.

4. Bottle..

lbw Close

Estimate Meakrement ,Were You?

'(1111) , 411)

IV, THE CUBIC METRE (m3)

DFkELOP'A FEEIING FOR A CUBIC METRE.

° 114 Place a one metre square on the floor next to the wall,

,2. Measure a metre UP.th wall,

. 3. Picture a box thatwo d fit' in that space.
I

THAT IS THE VOLUME OF ONE CUBIC METRE!

\i r,

2. Fill a 1 millilitre measuring spoon arice. Empty the
. ,

spoon into your hand. Carefully our the rice into a
.. \ small pile on a sheet of piper,

THAT ISIfOW MUCH NE MILLILITRE IS!.

p
I -. ,,,-'

.Fill (he 5 ml spoon wit
.

ce. Pour the ritinto another

pile on t e heet of pjr.

.1s1I,IT I: III,CILITR.ES, OR ONE TEASPOON!

'ill the .ml spoon with rife; 'Pour thlt rice,into a third

,.
i

le "n^the paper.

THAT IS 5 MILLILITRES, OR ONE TABLESPOON!

4
.THE CENTER FOR N ATIONAL EDUCATION 7

DEVELOP YOUR ABILITY T8 ESTIMATEN CUBIC 1:EfRES

EY

For each of,the,follOwing items, follow the estimating proced.

\.4 ures used before,,

re;

1. 'Office desk,.

2. File cabinet,

3. Small room.

Mow Close

Estimate Measurement Were You?

(m3 ) (m3 )

...411

, Exerci'se 3
it
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MASS (WEiGHT),MEASOIEMENT ACTI4FIE

Kilogram Grri

:
..

The mass of an object is a measure of the amount of matter in the

object. This amount is always the same unlis you add or subtract some

matter from te object. Weight is the term tlat mOst people use Wlwn

they mea3 mat, The weight of an Object is affected by gravity; the

mass of an pbject is not, Forexample, the Cveight of t person on earth

91'ight be 120 pounds: that same person's veight on the moon would be c

20 pounds, Tllis difference is because the p; rof gravity on the moon

is less than the-pull 6f gravity on earth. A person's inass on the,earth

and on the moon would be the'sanv,- The mertrir syslem does not

measure weightit measures mass, We will use flu.' term lass here,

The Symiol for gram is g.

\t)
The symbol for kilogr4m is kg.

I,

There are 1..000 gram's in one kilogram, or 1 000 g 1 kg.

4If a kilogram can.be written as 500 g,or 0 ltr,

A quarter dtf a kilogram can be written as-25 0.25 kg.

Two and threefolirths kilograms is writien as 2. to kg.°

THE KILOGRAM (kg)

DEVELOP A FEELING FOR THE NLASS ORA KILOGRAM

Using a balance or scale, find the mass of the items on the table,

Before you find the mass, noticeiTow heaVy the object "feels"

and compare it ti the reading on the scale or balance.

THE CENTER FOR VOCATIONAL EDUCATION

f'

\Liss

1` 1 kilo m box,. .1

2, Txtbo

3. gag oi

4. Package Of paper.

. Yiertei mass,

111111..=

"4..4

4

J

v

B, DEVELOP YOUR ABILITY T ESTIMATE IN KILOGRAMS

For the following items ES rE' the mass ithe object in

kilograms.,then use thets le or balance to,findt e exact Mass

of "the object, Write the exet mass in the MEASUREMENT

coltunn, Determine how

1. B1 of rice.

2. Bdg of nails.

3. Large purse or

bOefcase.

4. Another person,

5. A few books.'

Estimate Measure

(kg) (kg

....

ow Close

ere You?

.11,=111

Exercise,4

(continued on next' page)
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II

t

11 I E (g)
4,11

r,

A. DEVELOP A FEELING FOR A GRA'NI
,

1 Take a colored plastic cube, I lold it in your hand,

Shake tlie cube in your palm a haking'dice. Feel the

pressure on your hand wln'the cube is int otion, then

wfien it isput in motion,

THAT IS llOt HEAVY A,GRAM IS!

'

V,

a

B. "'DEVELOP YOUR ABILITY TO ESTIN1:6'E IN GRAMS

4

A.

You are now ready to improve Your ability to estimate in

grams. Remember.how heavy tlte 1 gram cube,is, how litaVy

the two gram cubes are, and how hhvy to five:40 tubos .

le. For each of the fohtwing theeocedures
used for estimating in kilograms.

Ta a 4!ctd cube and attach it tathe,first. shake the
.

cc berin--fir one hand and then the aher hamiirOst

he cubes near the tips of your fingers, moving your

hand up fmd down,

TIIAT IS THE NIASS OF' TWO GRAMS!

3. Take five cubes in one hand and shake th@m around.

t THAT IS TIE MASS OF FIVE,GRAMS!

r I

"ik

THE CENTE FOfi VOCATIONAL FOUCATION
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Twollrumbtacks.

2. Ppicil.

3: Two-page letter

and envelope.

5. Apple.

6. Package of

margarine..

Estimate

(g)

flow Close

Measurement Were You?

(g)

4 4

t\

Exercise 4



TEMPERATURE MEASUREMENT ACTIVITIES

Degree Celsius

I. DEGREE CELSIUS (C)

Degree Celsius (°C) ig the Metric measureior temperature,

A. DEVELOP A FEELING' FdlItEGREE CELSIUS

Take a Celsius thermometer. Lail; at the marks on it.

(

1. Find 0 degrees.

WATER FREEZES AT ZERO DEGREES CELSIUS (0°C)

WATER BOILS AT 100.DEGREES CELSIUS (100°C)

2, Find the temperature of the room. °C. Is.the
.4;

room cool, warm, or about right?

3, Kit some hot water from the faucet int eontai er.

-Find the temperature. °C. D our fink

quickly'th and out of the water. Is the ater very ha,

hot, or jnst warm?

4, Put some cold water in a container with a thermometer.

Find the temperature. °C. Dip your finger into

the water. Is it cool, cold, or very cold?
f

5. Bend your arm with the inside of your elbow around the

bottom of the thermometer, After about three minutes

find the temperature. °C. Your skin tempera.

ture is not as high as your body temperature.

NORMAL BODY TEMPERATURE IS 37 DEGREES

CELSIUS (37°C).,

A FEVER IS 39°C:

A VERY HIGH FEVER IS 40°C.

THE CENTER FOR VOCATION' Al. EDUCATION
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B. DFVELOP YOUR ABILITY TO ESTINL\TE IN DEGREES

CELSIUS ,.

For each item, ESTIMATE and write down how many degrees

Celsius you think it is. Then measure and write the WASURE-

KENT, See how cilose Our estimates and actual measure

ments are,

r

1. htx some hot and

cold water in a

container. Dip your

finger into,the

water.

2, .''Pour out some of

the water, Add some

hot water, Dip your

finger quickly into

the water.,

3. Outdoor tempera-

ture.

4, SunnY window sill,

5. Mix of ice and water.

,6. Temperature at

floor,

7. Temperature at

ceiling.

How Close

Estimate Measurement Were You?

(°C) (°C)

Alm

=1

Exercise 5

27
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UNIT

ORIIECTIVES

The student will recognize and use the metric

tern, tnits, and symbols used in this occupa-

tion.

I Given a metrir unit, state its use in this

occupation.

O Given a meas.UrOenttask in this occupal

tion, select the'apprOnate metric unit

and measurement tool,

SUGGESTED TEACHING SEQUENCE

1. Assemble metric measurement tools (rules,

tapes, scales, thermometers, etc.) and

Objects related to this occupation.

2. Discuss with studehts how to read the

tools. 0

Present and have students discuss

Information Sheet 2'and Table 2.

4. Have students learn occupationally-

related metric measurements by complet-

ing Exercises 6 and 7.

'Test performanCe by using SeCtiOn A of

"Testing Metric Abilities."

THE CENTER FOR VOCATIONAL EDUCATION
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METRICS IN THIS OCCUPATION 4,

Changeover to the metric system is Oder way. Large corporations are already using

metric measurement to compete-1n the world market. The metric system Is been usel in

various parts of industrial a'nd scientifi6communitiesfor years. Legislation, passed in

1975, authorizes an orderly,transition to use of the metric system. As businesses and

industries make this betric changeover, employees will need to use metric measurement

in job-related tasks.

Table 2 lists those metric t,erms which Ire most comnly used in this occupation.

These terms are replacing the measurement units used currently. What kinds of job-

relked tasks use measurement? Think of the many different kinds'of measurements you

now make and use Tiabje 2 to discuss the metric terms whiA replace them. See if you

can add' to the list of Uses beside each metric term,

24

Information Sheet 2
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METRIC UNIT'S FOR WASTEWATER

Quantity ,

.-

Unit
\

Symbol Use

Linear dimensions

1

millimetre
,

, mm Manometer tube; U.tube,1'
)

centimetre , cm 'Diameter of a pipe; tubing,

metre , m 0 Length of a channel or sewer.

_

Area square centimetre ' cm2 Area of the nappe over weir.

square mein
, r

m2 Area of a clarifier; trucking fiiter.

hectare ha Area of a lagoon (WO m x 100 m).
11

square kilometre
in 2 Area of a collection system.

Volume/eapacity

,

.

_.

. cubilentimetre
)

cm3 ,Capacity of i cylinder,
,

cuW metre m3 , Capacity of an aeration tank. ,

,
millilitre (

i -
ml .

Volume ol thiosutfate for a DO titration,

litre 1 A lab sampleif .

Mass

.

gram g
,

Mass of a dry reagent.
.

kilogram kj Sludge, --- --"-

at* ton t Thick loads of sludge,

Temperature degree Celsius
oc Water temperature.

Pressure '

.
kilOpascal Va

,

Pump pressure.

Flow Rates

,

cubic metres pksecond m3/s , Flow over a weir.
,

cubic metres per minute m3/min ._
Flow through a channel,

cubic metres per day m3/d Flow through a wastewater plant.

f. litres per second Us Flow through a pipe.

Application Rate "

.

grams per cubic Metre

/

g/m3
Amount of chlorine used per m3 of water.

kilograms per day kg/d , , Chlorinator setting. ,

cubic metres per

cubic megametre m3/Mm3 Grit removed iier flow unit.

Power kilowatt kW

,

Electric motor.

Watt W Rating of a motor.
.

Energy Joule J '''). tura. required to pump water.

(DCTHE CENTER VOCATIONAL EDUCATION
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Table 2

31
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TRYING OUPMETRIC UNITS

To give youipractice with metric units, first estimate the measure-

ments of the items below. Write down your best guess next to the item,

Then actually measure the item and write down your answers usirig the

correct metric symbols. The more you practice, the easier it will be,'

Estimate Actual

Length

t 0. Palm width

,

2. Hand span

3: Ceiling height of this pom

4. Width of paper clip

,
5. Thickness of nickel

6, Width .of-iis room
,.

-7. Diameter of U-tube

A

8. Length of a fish tank

.

,

9. Diameter of a manometer tube

Area

10. Desk top
..,j

a

,

11. Classroom floor

.
.

12. Workbench

13, Sheet of paper
.

,

1.1. Pipe cross section ,

..,
.

,

Warne/Capacity

15. Small bottle

THE CENTER FOR VOCATIONAL EDUCATION
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Estimate Actual

16 Measuring cup (metric)

171 Milk container

18. Bucket

19. Small box

20. Tool box

21. Aeration tank

22. Cylindef

Mass

23, Textbook

21, Nickel

25. Paper clip /

26. A litre of water (net) 9

27. Roll of 50/50 solder

28. A quantity of dry reagent

'remperature.

29.. Room temperature

30. Outside temper ure

3i ,Hot-tap-water 11,1 II1 Cle.,14,41,

32. Ic'e water

Exercise 6.



WASTEWATER METRICR

It is importantiow what metric measurement to use. Show

what measurement to usein the f011owing situations.

1, Volume of an aera'tiOn tan.k

2. Length of a chtinn4

3. Area of a triekli'ng,filter

4. Amount of sludge inderated

each day

5. Capacity'of a motor

, 6.. Depth of sludge placed on a

dryhig bed"per filli

7 Ow of water through a pipe

'1 8. Si'ze of waste treatment plant

9. Amount of water evaporated
?%,

each hour

10.4 Depth of a channel.

A sedimentation tank:

a. length

b. width'

'4 )2: Diameter of a pici

, Area of a slbdge bed

v

4.. Cross sectional area of a grit

. ,

15. Volume of a fish tank

16. Volume of a clarifier

17. Mass of a wheelbarrow

18. Mass,of.a seil screw

19. Truck load Of sludge

20. Te7ature of a /stream

21. Area of a lagoon or pond

22. Volume of a grab pmple

THE CENTER FOR VOCATIONAL EDUCATION
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Exercise 7
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UNIT

ORJECTIVE
,

,

fhe student will recognial and use met.

Tic equivalents.

Given a metric unit, state an equivale4

in a larger or smaller metric unit.

SUGGESTED TEACHING SEQUENCE

1.

Make available the Information Sheets r.

(a: S) and the associated Exercises

(8 14), one at a time.

2 As soon as you have presented the

Information, have the students complete

each Exercise.

3, Check their answers, on the page titled

ANSWERS TO PaRCISES AND

TEST.

4. :Test performance by using Section B of

,"..Testing Metric Abilities..."

(igiliCTHE CENTER FOR VOCATIONAL EDUCATION

N.

METRIC-METRIC EQUIVALENTS

NnOnetres and Millimetres

2 3 4 5 6 1 2 3 4 5 6

1
Look at the picture of the nail next to the ruler. The nail is 57.mm long, This is 5 cm + 7 mm.

There are 10 nun/in each cm, so 1 mm =,Q.1 cm (one.t nth ofta cen)imgre). This means that

77=0.7 cm,so mm cm+7 mm

= 5 cm + 0,7.cm

= 5.7 cm. Therefore 57 mm is the same as 5.7 cm.

Now measure the paper clip. It is 34 mat This is the same as 3 cm + 4 mm. Since each

millimgre is 0.1 cm (one7tenth of a centimetre), 4 mm F cm. So, t,he paper clip is

34mm= 3 cm+4mm

= 3 cm+ 0,4 cm

= 3.4 cm, This means that 34 rum is the sathe as 3,4 cm.

Now you try some.

Information 'Sheet 3

a ) 26 mm =
= cm' e ) 132 mm

.=
cm

1)') 583 mni cm f ) 802 mm cm

c ) 94 mm = cm g ) 1 400 min, = cm

d) 680mm= cm h ) 2 307 mm = cm

Exercise 8

37
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J1.1

Metres, Centimetres, and Millimetre

There are 100 centiMetres in one metre. Thus,

2m 21100 cm= 200cm,

3m. 3 x 100cm= 300tm,

8 m= 8 x 100cM= 800cm,

36 m = 36 x 100 cm . 3 600 cm

There are 1 000 millimetres in one metre, so

2 m = 2x 100Ornm= 2000mm,

3tri= 3 x 1000mm= 3000mm,

.6m= 6 x 1000 mm= 6000mm,

m.24 xl 000mm. 24 000 mm,

FroM your work with decimals you should know that

one-half of a metre can be written 0.5 m (five-tenths of a metre),

one-fourth of a centimetre can be written 0.25 cm

(twenty-five hundredths of a centimetre).

This means that if you want to change three-fourths of a metre

millimetres, you would multiply by 1 000, So

0,75m. 0,75 x1000mm

7a
x 1 R00 mm

1 000

75 x 7Flm

= 75 a 10 mm

= 750 mm. This means that 0,75 m = 750 mai.

'Fiji th the following chart.

'3 8

Information Sheet 4

metre .

m
1

centimetre

cm

-
millimetre

mm

,

1 100 1 00C\
2 '200

3

9

5 000

7,1

600

-
. 2.5 % 25

118

639

cHE CENTER FOR 1/1CATIONAL EDUCATION
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,

Exerciee 9

17,

Millilitres's to Litres
o.

There are 1 000 millilitres in one lifte: l'his Means that

2 000 millilitres is the same as 2 litres,

,. 3 000'ml is the saMe as 3 litres,

4 000 ml is the same as 1 litres,

12 000 ml islhe same as 12 litres..

Since there are 1 000.millilitres in each litre, one way to change milli

litres to litres is to divide.by '1 000. For example,

Or
2 000

2 000 ml =
1

litres = 2
000

1 000

1000 rol Ti5 lit"' 1 litre:

And,.as a final example,

28 000
28 000 ml =

1

' litres 4 28litres.
000

What if something holdst00 ml? How many litres is this? This is

worked the'satne Way.

500 nil
500

here = 0.5 litre (five-tenths of a litre 1. So 500 ml
1 000

is the same as onelaalf (0.0) 0, a ti
1:

tre.

Change 57 millilitres to litres.

57 ml Frtizritre..= 0.0571C (fifty-seven thousandths of a

litre).
s',41t;

or t

4

p.

Information Sheet 5

Now you try some. Complete the following chart,

millilitres

(ml)

litres,

(1)

3 000 3

6 000

8 ..

11 000

23 .

300 9,3,.

700 .

0.9

250

. 0.47
r

275
.

39

,Exercise 10
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Litre's to Millilitres

lkhat do you do if you need to change litres to millilitres? Rememlwr,

there are 1 000 millilltres im one litre, or 1 litre 1 000 nil.

So,

2 litres = 2 x 1 000 ml

7 litres = 1 x 1 000 ml 7 000 nil

13 litres ,=1;', x 1 000 ml =1:1 000 nit,

0.65 litre = 0,65 x 1 000 ml = 650 ml.

Now you try some, Complete the following chart,

litres millilitres

ml

8 000

5

32 000

0,4

0,53

ISO

Information Sheet 6

Exercise 11

Grams.to Kilografils

There are 1 000 grams in one kilogram. This means that

Ii

2 000 grams is the samras 2 kilograms,

5 000 g is the same:as 5 kg,

700 g is the sadly as 0.7 kg, and.sotyin.

To change from grams to kilograms, you use the same procedure for

changing from millilitres to litres,

Try the following ones.

gams kilograms

kg

I 000

9 000

000

8

275

vocctPiTIR FOR VOCATIONAL MICATiON

4 0

Information Sheet 7

Eiercise 12

Kilograms to Grams

To change kilograms to grams, you multiply by 1 000.

.1 kg 1 1x 1 000 g = .1 000 g,

23 kg = 23 x 1 000 g ..23 000 g,

0,75 kg = 0.75 x 1 000 g = 750 g.

('omplete the folio \'ing chart,

kilograms

kg

grams

g
,,

.7 7 000

11

25 000

0.4

9,03

175

Changing Units at Work

Information Sheet 8

Exercise 13

Some of the things you use in this occupation may be measured in

different metric units. Practice.changing each of the following to

Metric eciuivalwts by completing these statements.

a ) 340 ml of water is
h ) 23 g of water is kg

c ) 2 300 g of solids is kg

d ) 3 400 kg of sludge is t
e ) 120 mm pipe diameter is cm

f ) 1 300 cm of pipe is

g ) 29 litres of water is iil
h ) 5 cmdameter tube is mm

11 250 ml of solution is

) 0.25 litre of liquid is- , .m1

k ) 250 mr diameter pipe is cm

'1 ) 0.75 kr of dry reagent is

2.4 t ut sludge is kg
n') Alitre tank is ml

41

Exercise 14



UNIT

OBJECTIVE

The student will recognize and use

instruments, tools, and devices for mea-

surement tasks in this occupation.

Given metric and Customary tools,

instruments, or devices, differentiate

between metric and Customary.

Given a measurement task, select

and use,an appropriate tool, in-

strument or device.

SUGGESTED TEACHING SEQUENCE

1. Assemble metric and Customary mea-

suring tools and devices (rules, scales,

°C thermometer, wrenches, micrometer,

gages, meters, and glassware) and display

in separate groups at learning stations.

2. Present or make available Information

Sheet 9.

3. Have students examine metric tools and

instruments for distinguishing character-

istics and compare them with Customary

tools and instruments.

4. Have students verbally, describe charac-

teristics. ;

5. Mix metrieand CustOmary tools' or

equipment at learning station. Give

each student a mkric assignment.

6. Evalttate'performAce fromrSection C

of "Testing Metric Abilities."

;0THE CENTER FOR VOCATIOrsiAl IDUCATION
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SELECTING AND USING ,

METRIC INSTRUMENTS , TOOLS AND DEVICES

Selecting an improper tool or misreading a scale can result in improper ;dosages,

damaged materials, or injury toelf or fellow workers. For example, putting 25 pounds

per day of thlorine into a treated flow requiring 25 kilograms will not sterilize the out-

flow. Here are SOW suggestions:

I. Find out in advance whether Customary or metric units, tools, instruments, or pro-

ducts are needed for a given,task.,

2. Examine the tool or instrument befOre usii it.,

3. The metric system is a decimal system. Look,for.units marked off in whole numbers,

lens or tenths, hundTeds or hundredths.

4. Look for metiic symbols on the tools or gages such-as m, mm, kg, g, kPa.

5. Look for deciMal fractiorts (0.25) or decimal mixed fractions (2.50) rather than

common fractions (318) on drill bits, feeler gages.

6. Some products may have'a special,metric symbol such as a block M to show t14 are
metric. .

Don't frirce bolts: wrenches, or other devices which are nut fitting properly.

8. Practice selecting and using tools instruments; and devices.

9. Note that a 3/8 in. ratchet for a socket wrench set, 1 cm by 1 cm or 1 cm2,

fits Customary or metric sockets.

Information Sheet 9
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'UNIT

OBJECTIVE

The student will recognize and use

appropriate metric compound expressions

used in wastewater treatment.

Given the event to 'be measured,

recognize the correct metric ex-

pression.

Given the event to be measured,

select and use the correct metric

expression.

SUGUSTED TEACHING SEQUENCE

1. Present or make available Information

Sheet it

2. fiave students complete Exercise 15

and Exercise 16.

3. Test performance with. Section D of

"Testing Metric ,Abilities."

THE CENTER FOR VOCATIONAL EDUCATION

METRIC COMPOUND EXPRESSIONS

FOR WASTEWATERtREATMENT

Metric units are combined in series to describe specific events. The rate of flow

through a pipe is stated as cubic metres per second, m3/s. This expression measures the

amount of water (m3) that passes a certain point each second (s).

The amount of water evaporated each hour is stated as kilograms per hourkg/h.

Various other combinations will be used to describe other conditions. For example,

the amount of water flow each day (m3/d) compared to the sand filter surface area (m2),

provides the compound expression tri3a/m2. \.

A compoUnd may consist of 2 combined units or 3 combined units. Below is a

chart showing combinatorial possibilities. This chart is not exhaustive.

In a two-unit expression, any line item in Oolumir A may be comhined with any

line item from Column B or C.

In a threeunii expression, any line item in Column A may be followed by any line

item from Column B plus any line item from Column C.

Examples:

From: Column A

Column A and B

Column A and B and C

Column A and C

4

m3 .

m3is

m311#1:

METRIC COMPOUND EXPRESSION CHAR'T

Column A

1. m

2, m2

3. m3

4. mg

5. g

6, kg

7. t

8. I

Column B Column C..

min

hr

wk

mo

a

yr

m2

m3

mg

kg

Information Sheet 10



MEASURING UP IN

WASTEWHER TREATMENT

List the approprike metric expression for the description given,

1. Flow aver weirs
,

2. Amount of wet solids disposed

of each year .
.

,

' 3. Amount of air conipared to the

amount of wastewater treated

,

4. Surface area weir length ratio

,

.

5, Amount of solids per day per

surface area
.

,

6. Mass each day of volatile solids

compared to digester volume

7. Heat required per amount of

water evaporated

8. Mass of BOD applied each day'

compared to the volatile solids

under aeration

,

9. Flow each day per weir length

10: Mass of wet sludge ea0 hour

per unit of hearth area

,

11. Amount of chlorine per the

, amount of wastewater

19 Rafia a wafor avannratorl conh ,

hour

13. Depth of wet sludge pladd on

a drying bed per year
,

What metric expre ion is required in the following statements?

1. A'Waste treatmit plant receives 68 000 of domestic

sewage and 15 000 of industrial waste.

2. A,20 lsample of wastewater contains 2 000 f solids.,

3. A 1.5 motor is used to drive a sump pump.

4. Influent BOD to a series of ponds is'200

5. There is a tlow of 3 800 containing 120 BOD

primary effluent and 2 600 air is used.

6. The DO in a receiving stream was 10.3 mg/I when the teinperature

was 11

7: 110 of Chlorine are used to treat 3 785 m3 of water.

8. A litre sample of wastewater contains 1.2 of a solid.'

9. Suspended solids removal at a plant yields 2 838 Of dry

weight suspended solids.

10, A digester produced 27 000 each day of gas when loaded.

11. The average temperature of a stream based on the following

measurements is ,

Time Temperature °C

12 noon 12.7

12 midnight 11.6

6 A.M. 10.4

Exercise 15
THE CENTER FOR VO,CATIONAL EDUCATION
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Exercise 16
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OBJECTIVE

The student will recognize and use metric

and Customary units interchangeably in thiS

occupation.

Given a Customary (or metric) measure-

ment, find the metric (or Customary)

equivalent on a conversion table.

I rsuiven a Customary unit.' state the re-

placement unit.

Given a metric (or CustOmary) amount;

state the approximate Customary,(or,

metric) amount.

,

1;

SUGGESTED TEACHING TJENCE

1. Assemble part, pumps ilnd gages of

wastewater treatment facility.

Present or make ajailable I rrnation'

Sheet 11 and Table 3.

'3. Have students find approximate m tric-

Customary equivalents by using

-Exercise 17.

4. Test performance busing Section E.

of "Testing Nletric,Abilit'es."

THE CENTER FOR VOCATIONAL EDUCATION
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METRIC-CUSTOMARY EQU1VA NTS

,r

'During the transition period there will be a need for finding equivalents between systems..

Corersion tables list calculated equivalents between the two systems. ,When a close equivalent

is needed, a conversion table can be used to find it. Follow these steps:

1. Determine which conversion table,is needed.

2. Look up the known number in the appropriate ,olumn; if not listed, find numbers you

can add together to make the total of the known number,

3. Read the equivalent(s) from the next column.

Table 3 on the next page gives an example of a metric-Customary conversion table whi0

you can use for practice in finding approximate equivalents. Table 3 can be used with Exer61se

17, Part 2 and Part 3.

Below is a table of metric-Customary equivalents which tells you what the metric replace-

ments for Customary units are,* This table can be used with Exercise 17, Part 1 and Part 3. The

symbol means "nearly equal to."

1 cm 0.39 inch 1 inch 't 2,54 cm 1 mk 0.2 tsp I tsp 5 ml

1 m 3.28 feet 1 foot 0.305 m 1 ml 0.07 tbsp I tbsp 15 n31

1 no: 1,09 yards I yard 0.91 m I 33,8 fl oz fl oz 29.6 ml

1 km 0.62 mile 1 mile 1.61 km I 4.2 cups 1 cup .= 237 ml

1 cm2 -.;z: 0,16 sq in 1 sq in 6.5 cm2 1 k 2,1 pts I pt 0.47 l

1 m2 10.8 sq ft I sq ft 0.09 m2 1 1.06 qt 1-qt 0.95 1

1 m2 1.2 sq yd 1 sq yd 0.8 m2 I I 0.26 gal I gal 3.79

1 hectare =.. 2,5 acres 1 acre ".t 0.4 hectare 1 gram 0.035 o4 1 cv: .?8.3 g

1 cm3 0.06 cu in 1 cu in 16.4 cm3 I kg 2.2 lb 1 lb .t 0..15 kg

1 m3 35.3-eu-ft 1 cu ft 0,0 m3 1 metric ton 2205 lb 1 ton -.st 907.2 kg

I m3 1,3 cu yd 1 cu'yd :ss.- 0,8 m3 1 kPa 0.145 psi 1 psi 6.895 kPa

*Adapted from Let's Measure Metric. A Teacher's Introduction to Metric Measurement, Division'of Educational
Redesign and Renewal, Ohio Department of Education, 65 S. Front Street, Columbus, OH 43215, 1975,

4
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CONVERSION TABLES

GALLONS TO LITRES ! LITRES TO GALLONS .

gal. I Bal. I gal. I I gal. I gal, I. 'gal

100 378,5 10 37,9 1 3.8 100 26.41 10 264 0.26 -

200 757.1 20 75.7 2 .7,6 200 52.84 , 20 5.28 2 0,53

300 1 135,6
4

30 113.6 3 11,4 300 79.25 30 q 7.92

4

3 0.79

400 1 514.1 40 151.4 4 15,1 400 105,67 40 10.57 4 1.1)& ...

500 1 892.7 50 189.2 5 18,9 500 132.09 50 ' 13.21 5 1.32

600 2 271.2
k.. .

60 22;1.1 6 22.7 600 ' 158,51 60 0 15.85 " 6 1,59.,

700 2 649.7 70 264.9' 26.5 '700 184,92 70 18.49 7 1,85

BOO 3 028.3 80 302.8 30.2 800 211.34 80 , '21.13 8 211,

900 3 406.8 90 340.7 9 34.1, 900 237.76 90 23.78 9 238

GALLONS TO CUBIC METRES CUBIC /ifiTRES TO GALLONS , .

1

gal. m3 gal. gal. gal m3 , gal. gal. in3 pi,

1,000,000 3 785 160,000
,

378,5 10,000 37.9 1,000

1

18 106 000 26,417,200 10 000 2,641,720 1 000 264,172

2 00000 , 7 570 200,000 L/757.0 2000 75.7 2,000 7.6

, ..

200 000 52,834,410 20 000 5,283,441 2 000 528,344
1

3,000,000 11 355 300,000 1 135.5,, 30,000 113,6 3,000 11,4 300 000 79,251,610 30 000 7,925161 3 000 792,516

4,000,000 15 140 400,000 1 514.0

..

40,000 151.4 4,000 15.1 400 000 105,668,800 40 000 10,566,880 . 1 1', 05,6,688

000,000 18 927 500,000 1 892.7 50,000 189.3 %000 18.9 /

1,

500 000 132,086,000 50 000 . 13,208,600 ' .\,!' c'4, :1

6,000,000 22 712 600,000 2 271.2,

I
60,000 227.1 6,000 22.7

.4.

600,000 158,50120b 60,000 15,850,320 6 000 1,585,032

7,000000 26 498 700,000 2 649.8 70,000 265.0 7,000 26.5

h '

700 000 184,920,400 70 000 18,492,040 7 000 1,849,204

8,000,000 *30 028 800,000 3 002.8 80 00 300,3

r

8,000

,

,._

30,0 800 000 211,337,600 80 000 21,133,760 8 000 2,113,376

9,000,000 34 069 90,%000 3 406.9 90,000 340.7 9,000 34.1
.,

.
900 000 237,754,800

0
90 000 23,775,480, . 9 000 2,377,548

THE CENTER FOR VOCATIONAL EDUCATION,
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ANY WAY YOU WANT IT

You are working in a wastewater treatment plant, With the change

to metric measurement some of the devices you measure are marked only

in metric units, You will need to be familiar with appropriate Customary

eqvivalents in order to communicate.' To develop your sIgluse Table 3

, to do the felloking exercises.

1, A flow measuring meter at a Wastewatei treatment plant

recorded the following flow data. Convert it to the appro .

priate metric equivalents:

,

Customary Metric

'a I, Monday 8,000,000 gals.

b ) Tuesday 3 '7,500,000 gals. ,

c 1 Wednesday 8,140,000 gals.

d ) Thursday 8,737,060 gals.

e ) Friday 10,000,000 gals.

f iSaturday 9,660,000 gals.

g i Sunday 7,122,000 gal's.

2. A series of new wastewater treatment'plants along the Sacnon

River have the following daily flow rate. Convert to gallons for

reporting purposes.

.c

'Plant Metric Flow Customary Quantity

A 40 OW th3

24,000 m3

C 59 000

The water consumption,of a home for a week was read in litres.

Convert the data to gallons.

a ) Monday

b ) Tuesday

t c ) Wednesday

d ) Thursday

e ) Friday

f ) Saturday°

g ) Sunday

Metric Customaty .

900 ljtres

850 litres

797 litres

958 litres

699.litres

910 litres

.785 litres

The flow thru four channels was as follons. Convert to litres.

Customary Metric

A 900 g'als,

780 .gals,

le gals. ,

1) 8 vals,
,

lo

52
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SECTION A

1, One kilogram is about the 11134

of a:

[Ai!' nickel

[ Ell apple seed

[CI basketball

[D ] Volkswagen "Beetle".

2. A square metre is about the

area of:

[Al this sheet of paper

[B] a card table top

[CI a bedspread

[DJ a postage stamp

3. The Mass of sludge is measured

[A] litres per second

.[B] kilograms

[C] cubic metres

[Dl hectares

4. Application rates of chlorine

yed in water treatment are

normally given in:

[A] gams per kilogram

[B] millilitres per litre

[CI cubic metres per day

[D J grams per cubic metre

5. The correct way to write twenty

-grams is:

[Al. 20 gins

I BI 20 dm.

[C [ .20 g.

[DJ 20 g

6. The correct way to write twelve

thousand millimetres is:

[A ] 12,000 mt

[B] 12.000 min

IC L.1) 000inin

[DI 12 GC,

SECTION 13

7, A pipe 100 min in diameter

is equal to:

[A] 10 centiinetres

[131 1 000 centimetres

[C ] 0.1 centimetre

[DJ 100 centinietres

8. Two metric tons of sidge.has

a mass of:

[A] 2 000 kilogram!

[B] 10 000 kilograms

[C] 20 000 kilograms .

[U], 1 000 kilograms

SECTION ,C .

9, To measure Mlligtres, usip:

[A] scale

[] graduated Cylinder

[C] 'preesure gage

[D] 'rule

10, To measure ping, usi

SECTION D

11, ow over a weir can be

ssed as:

[A m3/daiIg

[13] m3/day/km

t[C] ,m3/day/m

[DI m3/dayIlitze

12. The amount of dry sludge

solids in the flow is expressed
i

as:

[A] kwini'

[13) litre/m3

[CI m2/m3

[1)] Om'

,13. The metric expreuion kg/h/m2

is used to describe:

[A] water flow through a filter

[131 wet sludge on 'a heating surface

[CI weir overflow rate

[D 14 chlorine demand of an effluent

0

14. The rnetric expression ing/litre

used to describe:

s

16. The metric unit which replaces

the acre is:

[Al' metre

[Bf hectare

[C] cubic centimetres

[DI gram

Use this conviirsion table to
answer questions 17 and 18.

..

3
M gal.

..
t"

10 000 2,641,720

20 000 5,283,441

30 000 7,925,161

40 000, 10566,8811

50 000 13,208,600

60 000 15,850,320

m3 gal.

1 000 264,172

2 000 528,244

3 000 792,51'6.

4 000. 1,056,688

5 000 1,320,860

6 000 1,585,032

r')

[Al chlorine demand of an effluent

[B] weit overflow rate
17. The equivalent of 15 000 in3 is:

[A] 15,000,000 gal.
[C) water flow through a filter

[13]\ 15,000 gal.
[D] wet sludge on a heating surface

[C] 3,962,580 gal.

SECTION E'
[DI 2,64720 gal.

15, The met5ic unit which replaces
[A] pressurete

the fla ounce is: .

graduated cylinder
[Al millilitre .,

[C sctile
gum

[II rule
[C) litre

[DI hectare

.THE CENTER FOR VOCATIONAL EDUCATION

54

18. The eq4Valent of 61 000 in3 is:

[A j 15,850,320.gal.

[BI 16,11092 I.

[C1 61,000 gal.

[D] 61,000,000 gal.

TE§TING METRIC ABILITIES
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ANSWERS TO EXERCISES AND TEST

EXERCISES 1 THRU 6

;: The ansWers depend on the items

..,used for the activities,

EXERCISE 7

Currently accepted metric units of

rneasigement for each question are

shown in Table 2. Standards in each

occupation are being established

now, so answers may vary.

EXERCISE 8

a) 2.6 cm

b) 58.3 cm

c) 9.4 cm

dl 68,0 cm

.e) 13.2 cm

fl 80.2 cm

gl 140,0 cm

h) 230.7 cm

EXERCISES 9 THRU 13

Tables are reproduCed in total. An-

swers are in parentheses.

Exercise 9

metre centimetre

cm

Millimetre

mm

1

2

9

151

0.6

0.6

10,025)

100 1 000

V14

200 (2 000)

(3001

1900)

(3 000)

(9 000)

(500)

(7 400)

5 000

174 GOO)

80

160)

2.5:

(800),

600

25'

10,118) (11,8) 148

16:39) 639 (6 390)

'5 CIOTHE CENTER FOR VOCATIONAL EDUCATION

Exercise 10

millilitro.
ml

litres

1

3 600 3

6 000 (6)

000) 8

(14 000) (14)

(23 000) 23

., 300L- 0,3

700' (0.7)

(900) 0.9

250 (0.25)

(470) 0.47

275 (0.275)

Exerciie 11

litres

1

millilitres

ml

8 000

5 (5 000)

46 (46 000)

(32) 32 000

(.400)

0.53 ''') (530V

(0.48) 480

Exercise 12

graiiis

g

-kilograms

kg

4 000 4

9 000 (9) ..

23 000 (23)

.(8 000) 8

300 10.3.1

'._. 0.2751-275

Exercise 13

kilograms

kg

-grams

g

7 7 000

11 111 000)

(25) 25.000

0.4 (400)

0,63 (630)

(0.1,75). ' 175

Exercise 14

a ) 0,34 litre h ) 350 mm

b ) 0.023 kg i ) 0.25 litre

c ) 2.3 kg j ) 250 ml

,d) 3,4 t k) 25cm
e ) '12 cm 1 ) 750 g

f ) 1.3 m m) 2400 kg

.g ) 29 000 ml n ) 40 000 ml

EXERCISE 15

1. m3 is 8. g/d/g

, 2, m3/yr 9. m3/d/m

3. m3/m3 10. kg/h/m2

4. m2 /in 11. 013

5. g/d/m2 12. m3/h

6. g/d/m3 13. m/yr

7, kJ/kg

EXERCISE 16

1. m3/d,m3/d 6, °C

2. g 7. kg

3, kW 8. g

4. mg/litre 9. kg

5. m3/d, 10. m3

, mg/litre, 11, 12°C

m3/d

EXERCISE 17

Part 1

a ) 30 028 m
3

b ) .28 390.7, m3

c ) 30 557.9 m3

d ) 32 817.9,m3

e ) 37 854 m3

f ) 36 567.3 m3

g ) 26 959.8 m2

Part 2:

a ) 10,566,880 gal.

b ) 6,340,129 gal,

c ) 15,586,148 gal.

Part 3.

a ) 237.76 gal.

b ) 224.55 gal.

c ) 210,55 gal.

d ) 253.08 gal.

e ) 184.67 gal.

f ) 240.40 gal.

g ) 207.37 gal.

Part 4. .

a ) 3 406,8 litres

b ) 2 952,5 litres

c ) 3 160.8 litres

d ) 2 642.1 litres

TESTING NITRIC ABILITIES

1. C 10. C

2. B 11. C

3. B 12. D

4, D 13. B

5, D 14. A

6. D 15. A

7. A 16. B

8. A 17. C

9. B 18. B

U S GOVERNMENT PRINTING OFFICE 1977- 157469/6251
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SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLETE MEASUREMENT TASKS

IN EXERCISES 1 THROUGH 5

(4 Optional)

LINEAR

Metre Sticks

'Rules, 30 cm

Measuring Tapes, 150 cm

*Height Measure
*Metre

Tape, 10 m

*Trundle Wheel

*Area Measuring Grid

VOLUME/CAPACITY

*lilting Measures, set of 5,

50 ml- 1 000 ml

Economy Beaker, set of 6,

, 50 ml - 1 000 ml

Metric Spoon, set of 5,

1 ml - 25 ml

Dry Measure, set of 3,

50 125 , 250 ml

Plastic Litre Box

Centimetre Cubes

MASS

Bathroom Scale

*Kilogram'Scale

*Platform Spring Scale

5 kg Capacity

10 kg Capacity

Balance Scale with 8-piece

mass set

*Spring Scale6 kg Capacity

TEMPERATURE

Celsius Thermometer

THE CENTER FOR VOCATIONAL EIVCATION

The Oh,o Sive Uno,str 1%0 Kenny Road Columbo Cho 43710

SUGGESTED METRIC TOOLS AND DEVICES

NEEDED TO COMPLETE OCCUPATIONAL

MEASUREMENT TASKS

In this occupation the tools needed to complete Exercises 6,

15, and 16 are indicated by 4,"

A. Assorted Metric HardwareHex nuts, washers, screws,

cotter pins, etc.

B. Drill BitsIndividual bits or sets, 1 mm to 13 mm range

C. Vernier CaliPerPocket slide type, 120'nun range

D. MiciometerOutside micrometer caliper, 0 mm to 25 mm

, range

E. Feeler Gage-43 blades, 0.05 mm to 1 mm range

F. Metre Tape-50 or 100 m tape

G, metersSpecial purpose types such as a clinical

thermometer

H. 'Temperature DevicesIndicators used for ovens, fieezing/

cooling systems, etc.

I. ToolsMetric open end or box wrench sets, socket sN,

hex.key sets

1 Weather DevicesRain gage, barometer, humidity, wind

velocity indicators

K. ' Pressure GagesTire pressure, air, oxygen, hydraulic, fuel,

etc.

L. ',VelocityDirect reading or vane type meter

M. Road Mar7State and city road maps

N. ContainersAuckets, plastic containers, etc., for mixing

and storing liquids

0. ContainersBoxes, buckets, cans, etc., for mixing and

storing dry ingredients

Most of the above items may be obtained from local industrial,

hardware, and school suppliers. Also, check with your school district's

math and science departments and/or local industries for loan ol their

mitric measurement devices.

'Measuring devices currently are not available. Substitute devices (i.e., thermometer)

may be used to complete the measuremenk,task.

58
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Tools and Devices Liit
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REFERENCES

Let's Measure MetriC., A Teacher's Introduction to Metric Measureinent, Divi.

sion of Educational Redesign and Renewal, Ohio Department of Edumr.

tion, 65 S. Front Street, Columbus, OH 4321111975, 80 pages; $1.50,

must include chick to date treasurer.

Activity.oriented introduction to the metric system denigned for. indepp.

Aent or group inservice education stUdy. Introductory information about

kretric measurement; reproducible exercises apPly metric concepts to

common immurement situation.; laboratory activities for individuals or

t group. Templates for making metretaps, litre box,squarecentimetre grid.

Measleing with Meters, or, How to Neigh a Gold Brick With a MetePStick.

Metrication Institute of America, P.O. Box 236, Northfield, IL 60093,

1974, 23 min., 16 mm, sound, color; $310,00 purchase, $31.00 rental.

t
Film presents units for length, area, volume and rues, relating each unit

to many common object. Screen overprinta show correct use of metriC

symbols and eau of metric calculation Relationship among metric ,!

meuures of length, ores, volume, and mass are illutrated in interesting

and unforgettable wayi.,

Metric Education, An Annotated BibliograPhy for Vocational, Technical and

Adult Educatidn, Prpduct Utilization, The Center fir-Vocational Edu

cation, The Ohio State University, Columbus, OH 43210, 1974, 149

PIM $10.00.

ComprehensiveOlograohy of instructional materials, reference matt'

rials and rewuree litt for secondary, postiecondary, teacheredication,

and adult basic education, Initructional materials indexed by 15 occu.;

pationd clusters, types Of materials, and educational level.

Metric Education, A Position Paper for Vocational, Technicel and Adult

Education. Product'Utilhation, The Center for Vocational Bducation,

The Ohio State University, Columbus, OH 43210, 1975, 46'pagee?

$3.00.

Paper for teachers, curricului developer., end adnllFilstiator. in voct

tional, technical and adult educatiOn. Cover! lugs in merriceducation,

the metric system, the impact of metrication on Vocational and technical

education, implications of metrip inttruction f t bisic education,

and curriculum and instruCtional atra

Series of bookish presents step.b0p direction.,Auestiont;anOre Orr

how to read metric meaurrement took Micioarete0erniei

dial indicators.

,Metrithacticlaulde. Americo Society for Testing and Materials, Philadelphia,

-PA;1072;84-pages, $1,50;paper,-ASTMDeignadawri380'-72e.

CoMmonly known as "Ma B 880," maki
units gid symbols, rules for II style sqd, stige!"

rounding, \Appendices on terminology;

version hetes. This lit* revidoi Of

hue and derived SI units; appeared**

expanded snd re fOr greater chilly. Order, from:'

for T1111111 and 2916 RiCe flireekMdliddphia, PA 1910&
c

METRIC SUPPLIERS

Brown & Sharpe MinulactOring Go., P'004,loo PFk.i'NOtth KthgatoWn
. .

. .

Industrial quality microMeters, Steel riles, screw pitch ind thli

squares, depth gays, calipers, dial indlutom conversiircharts Ind

Dick Blick Company, P.O. Boxi26i, Galuburg, IL 81401.

Wool quiliti rules, titiol.46.iti144eks
dle wheels, umuurint cups and spoonif personal scilni;pars

iules,feeler and depth gages, beakers; thermontittu, klfiin ot

Millimeter Indulrist Supply Corporation, 162 Central Avenue,

Metrics in Career Education. Lindbeck, John R., Charles A:Bennett Conipany,

Inc., 809 W. Detweiller Drive, Paoria, IL 61614, 1975, 103 page's, ,

$3.60, paper; $2.70 gliantity schootpurchue.

Presercts metric unite aid

, chapters on metrics in

enm, graphic arta
learning activities

and charts.

lion in a well.illustrated mailer. individual

nil, metalworking, woodwarking, power and,

d home economics: Chapters followed by several

or student APpendix includes conversion tables

Taking the 7,4cks Out of Metiics. ifetric Trebling Department, Creative

Universal, Inc., Tower 14, 21760 Northwestern Highway, SoUtilleld, MI

48975, 1976; bOoklets; $3.00 each, $12.00 'set, discounts,"

60. ;

L. I., NY 11035.

Industdinsateiesti, taps, Mb, RAM* defile, ,roollok thifis. bush

Calipers, steel rules end tapes, feeler

" ',t.

' Ohaus 8cale CapOrition, 29 Hanover Road, FlesiMm Psek,41

instructional quality and precidon balncu Wick, jgaik callpas and

dabble pm cubes for beginners.

INFORMAON pOURCES

imericalt4latior;d Metric Coinell,11815 MSsuiluieits Avenue, N.W., Wmhington,

. De 20030.
0

Charts, pOsters, reports rind paraphlete, Metric RepoiteineirletteL National

metric coordinating council represepting induitry, govertuneit, edutetioi,

profeiditnal and trade organiratione. .

.

Natinnal Burein of Siandardi, Office of lifiiiiation Activities, cr. De'

s' of eonunerce, Washington, DC 20284,

Free and Inexpensive metric Chute and Publications, also lends elms infl

dbPloys. I


